Summary: Laser-Doppler flowmetry was used to contin uously monitor cortical CBF during electrical stimulation of the fastigial nucleus (FN). Rats were anesthetized with isoflurane (0. 75-5%), paralyzed, and artificially venti lated. The LDF probe was placed over a target region of the parietal cortex through a burr hole. The hypertension associated with FN stimulation was prevented by spinal cord transection at CI with arterial pressure maintained by i. v. infusion of phenylephrine. After cord transection, CBF changed linearly with changes in arterial pco2 (r = 0. 93; n = 23). FN stimulation (5a-lOO fLA, 50 Hz, 1 s on/l s om produced sustained increases in CBF that devel oped slowly, reaching 50% of maximum within 24 ± 1 s of stimulation (n = 17). After stimulation, CBF returned to baseline gradually within a time period (84-540 s) proporElectrical stimulation of the rostral ventromedial pole of the cerebellar fastigial nucleus (FN) in creases CBF substantially (Doba and Reis, 1972; McKee et aI. , 1976; Nakai et aI. , 1982 Nakai et aI. , , 1983 Reis et aI. , 1982; Mraovitch et aI. , 1986). The effect is me diated by neural pathways entirely contained within the brain and through cholinergic muscarinic recep tors (Nakai et aI. , 1982; Iadecola et aI. , 1983 Iadecola et aI. , , 1986 Iadecola et aI. , , 1987a. In regions of the cerebral cortex where the increases in flow are the greatest (up to 215% of control), the vasodilation is not associated with cor responding changes in cerebral glucose utilization (Nakai et aI. , 1983) and is mediated by a presumably Received January 15, 1990; revised February 19, 1990; ac cepted February 23, 1990.
Electrical stimulation of the rostral ventromedial pole of the cerebellar fastigial nucleus (FN) in creases CBF substantially (Doba and Reis, 1972; McKee et aI. , 1976; Nakai et aI. , 1982 Nakai et aI. , , 1983  Reis et aI. , 1982; Mraovitch et aI. , 1986) . The effect is me diated by neural pathways entirely contained within the brain and through cholinergic muscarinic recep tors (Nakai et aI. , 1982; Iadecola et aI. , 1983 Iadecola et aI. , , 1986 Iadecola et aI. , , 1987a . In regions of the cerebral cortex where the increases in flow are the greatest (up to 215% of control), the vasodilation is not associated with cor responding changes in cerebral glucose utilization (Nakai et aI. , 1983) and is mediated by a presumably tional to the duration of the stimulation (r = 0.93; n = 15). The CBF response was stimulus frequency and in tensity dependent, was elicited only from restricted sites in FN, and was abolished by atropine (1 mg/kg, Lv.) or pentobarbital (30 mg/kg, Lv.). The slow temporal profile of the cerebrovasodilation is compatible with the hypoth esis that in cerebral cortex local neurons mediate the va sodilation by interstitial release of vasoactive agents rather than by a direct action of neural processes on blood vessels. LDF is an effective technique for monitoring phasic change in CBF and may be useful in studies of the intrinsic neurogenic control of the cerebral circulation. Key Words: Rat-Cerebral circulation-Cerebellum Cholinergic vasodilation-Pentobarbital.
restricted popUlation of local cortical neurons (Ia decola et aI. , 1987a) .
One aspect of the cerebrovasodilation that re mains to be characterized is its temporal profile. This issue is relevant since elucidating the time course of the flow increase may provide an insight into the mechanisms by which local cortical neu rons mediate the vasodilation. For example, in creases in CBF that take place nearly instanta neously (�1 s) and recover rapidly (Moskalenko, 1975; Leniger-Follert and Liibbers, 1976) would be consistent with a local effector system involving a direct interaction between neuronal processes and cerebral vessels (Estrada et aI. , 1983; Hendry et aI., 1983; Reis and Iadecola, 1989) . Conversely, CBF increases that exhibit a slow rate of rise and decline would suggest mechanisms whereby flow changes occur with a slower time course, conceivably by local accumulation of vasoactive agents in the in terstitium (see Wahl, 1985 for review).
The temporal profile of the flow increase elicited by FN stimulation has not been established for the following reasons: First, in studies in which CBF was monitored continuously by flowmeters placed around the carotid arteries, the elevations in arterial pressure (AP) were not controlled (Doba and Reis, 1972; McKee et aI. , 1976) . Thus, the effects of FN on CBF were confounded by the cerebrovascular actions of hypertension (Kontos et aI. , 1978) . Sec ond, the method most commonly used to measure CBF during FN stimulation has been the e 4 C] iodoantipyrine (lAP) technique of Sakurada et al. (1978) , a technique that allows the determination of CBF only at one point in time in each animal. Hence, the dynamics of the CBF response could not be determined.
In this study, we attempted to overcome some of these problems by using laser-Doppler flowmetry (LDF) to monitor the changes in cerebrocortical blood flow elicited by FN stimulation. LDF allows monitoring of microvascular blood flow in superfi cial brain regions continuously and noninvasively (Skarphedinsson et al., 1988; Dirnagl et aI. , 1989; Haberl et aI. , 1989; Lindsberg et aI. , 1989) . By using spinal cord-transected rats with AP maintained at normotension, we eliminated the hypertension as sociated with FN stimulation and its cerebrovascu lar effects. We found that, unexpectedly, the eleva tions in CBF elicited from FN have a relatively slow rate of rise and decline. This finding is consistent with the hypothesis that, in cerebral cortex, local neurons mediate the vasodilation by interstitial re lease of vasoactive factors, rather than by a direct neurovascular action.
METHODS
Methods for surgical preparation of rats, transection of the spinal cord with maintenance of AP, recording of the EEG, and electrical stimulation of the brain have been described in detail in earlier publications (Nakai et al. , 1982; Iadecola et aI. , 1983 Iadecola et aI. , , 1986 and will be summarized below.
General procedures
Studies were performed on eight male Sprague-Dawley rats weighing 360-400 g. Rats were anesthetized with 5% isoflurane (Anaquest) in 100% oxygen, administered through a facial mask. Body temperature was maintained at 37 ± 0. 5°C using a heating lamp thermostatically con trolled by a rectal probe (YSI). Catheters were inserted into both femoral arteries and veins and the trachea was cannulated. Animals were then placed on a stereotaxic frame (KopO, paralyzed with tubocurarine (2 mg/kg, i.m), and artificially ventilated with 100% oxygen by a mechanical ventilator (Rodent respirator, Harvard Appa ratus). One of the arterial catheters was used for contin uous recording of AP, mean AP, and heart rate (HR) , while the other arterial line was used for blood sampling. The right venous catheter was connected to an infusion pump (Harvard Apparatus, model 940) for administration of phenylephrine after spinal cord transection (see below) and the other venous catheter was used for administration of drugs. The midline portion of the caudal occipital bone was removed to expose the cerebellar vermis and the dorsal medulla. A stainless steel screw was inserted through the left parietal bone to lie on the dura at a site 2 mm lateral to the midline and 2 mm caudal to the bregma for monopolar recording of the EEG. Arterial pco2, P02' and pH were measured at mUltiple times on 0. 2 ml of blood by using a blood gas analyzer (Instrumentation Laboratory, Micro 13 System).
The FN or the ventral pontine reticular formation (VPRF) were stimulated electrically through monopolar microelectrodes (diameter of 150 fLm) (Nakai et aI. , 1982) . The ground was a metal clip attached to the animal's scalp. Stimulated sites were histologically verified on Nissl-stained sections using conventional procedures (Nakai et aI. , 1982; Iadecola et al. , 1983) .
Spinal cord transection
As described elsewhere (Nakai et aI. , 1982) , the atlas was exposed and the posterior lamina removed. The dura was cut and the cord exposed at the CI -C2 junction. To prevent the elevations in AP associated with the transec tion procedure, 0. 1-0. 2 ml of 2% procaine were microin jected within the cord (Nakai et aI. , 1982) . The cord was then severed at C 1 and a small segment below C 1 re moved by suction. Just prior to the procedure, an i. v. infusion of phenylephrine (1 .3--6. 4 fLg/min) was started so as to counteract the fall in AP that occurs after spinal cord transection. The completeness of the transection was ver ified at autopsy.
Monitoring of CBF by laser-Doppler flowmetry
CBF was monitored by LDF, a technique that allows recording of local blood flow, in relative units, continu ously and noninvasively, i. e. , without the probe penetrat ing the brain parenchyma. The principles on which LDF is based have been extensively reviewed (e. g. , Chen et al. , 1981 ; Tenland, 1982) and will not be discussed here. LDF has recently been used to monitor blood flow in the CNS, where it has been validated by comparison with established methods for measuring CBF (Skarphedinsson et aI. , 1988; Dimagl et aI., 1989; Haberl et aI. , 1989; Lindsberg et aI. , 1989) .
LDF was performed using a PeriFlux PF3 (Perimed) flowmeter equipped with a 2 mW helium-neon laser with a wavelength of 632. 8 nm. Flow values are expressed in arbitrary units (perfusion units, PU). The probe (tip di ameter of 0. 45 mm; PF 302) was mounted on a microma nipulator (KopO. A small hole 1-1.5 mm in diameter was drilled, with the assistance of a dissecting scope, through the right parietal bone at a site approximately 2 mm lat eral to the midline and 2.5 mm caudal to the bregma using a 0. 7 mm drill bit with a flat head. The dura was left intact. The position of the hole was chosen in preliminary experiments to expose an area of the parietal cortex, cor responding to a border zone between terminal branches of second-and third-order vessels, which is relatively de void of large surface vessels (Coyle and Jokelainen, 1982) . The probe was positioned approximately 0. 5 mm above the dural surface. A drop of mineral oil or saline was applied to the hole to fill the space between dura and probe.
Several precautions were taken to avoid artifacts: (a) Direct light was avoided because it was found to cause a decrease in the flow signal. (b) The probe was positioned away from large pial vessels because the principles on which the instrument is based are valid only for the mi crocirculation (Tenland, 1982) . When the probe was po sitioned on a large pial vessel (100-200 Il-m) or on a branch of the middle cerebral artery, the flow signal was unusu ally high (>200 PU) and elevation of pc02 produced a decrease in CBF rather than the well-established in crease. (c) Bleeding from the bone or dura was avoided because red blood cells floating between the probe and the dura produce a dampening of the signal. (d) Care was taken to assure maximal mechanical stability of the prep aration, because the system is very sensitive to move ments and vibrations (Lindsberg et aI., 1989) .
The analog output from the instrument was fed into a DC amplifier (Beckman) and displayed on a polygraph (Beckman). The amplifier's gain was set so that a 1 V output (1 00 PU) corresponded to a pen displacement of 5 cm. To avoid pulsatile variations in the flow signal, typ ically seen in good preparations (Haberl et aI., 1989) , a long time constant was used (3 s). Baseline readings, re corded after a 5-1 0 min stabilization period, varied con siderably depending on the position of the probe (Dirnagl et aI., 1989) . Placements yielding flow values less than 100 PU were chosen in this study. Probe position and reactivity of the preparation were tested at each site by determining the cerebrovascular reactivity to inhaled CO2 (see below). Once a suitable placement was obtained, the probe was left at that site for the duration of the experi ment.
Experimental Protocol
After establishment of the anesthesia, insertion of the catheters, artificial ventilation, exposure of the caudal brainstem and spinal cord, and placement of the LDF probe, an electrode mounted on a micromanipulator with a 10° posterior inclination was positioned on the calamus scriptorius and the stereotaxic coordinates recorded as stereotaxic zero (Nakai et aI., 1982) . The electrode was then moved 5 mm rostral and 0. 8 mm lateral to zero, lowered into the cerebellum until the vertical zero was reached, and left at that site until the exploration for the FN was begun (Nakai et aI., 1982) .
After the blood gases were adjusted, the procedure for localization of the FN was started. As described else where (Nakai et aI., 1982) , the electrode was withdrawn in 0. 5 mm steps and at each step exploratory stimuli, consisting of 8 s trains of 0. 5 ms pulses at 50 Hz and with a current intensity of 10-20 Il-A, were delivered. An active site in FN was defined as one in which stimulation re sulted in a stimulus-locked 10-20 mm Hg AP elevation. Once the most active site in FN was localized, the elec trode was left there.
The spinal cord was then transected and the AP main tained between 100 and 120 mm Hg by continuous infu sion of phenylephrine, as described above. Blood gases were measured again and if necessary adjusted (Table 1) . Approximately 30 min after completion of the transec tion, when AP and blood gases were in a steady state, the FN was stimulated. Stimulation parameters usually con sisted of intermittent (l s on/I s oft) trains of stimuli at 50
Hz and with a current intensity of 50-1 00 Il-A. When the VPRF was stimulated, the electrode was lowered 3 mm These measurements were taken after spinal cord transection, prior to stimulation of the fastigial nucleus or reticular formation. n = 8.
below horizontal zero and intermittent trains of stimuli delivered at 100 Il-A and 100 Hz. Throughout the experiment, the level of anesthesia was monitored by EEG criteria (Stullken et aI., 1977) . During surgery, isoflurane was administered at a concentration (2-3%) that produced an EEG pattern of burst suppres sion. After spinal cord transection, the concentration of isoflurane was gradually reduced until the EEG exhibited high amplitude activity (0. 1-0. 2 mY) at 8-1 0 Hz (Fig. 4 , bottom panel). This EEG pattern, usually achieved with isoflurane concentrations of 0. 75-1 %, is associated with a reduction in brain metabolism typical of the anesthetized state (Stullken et aI., 1977) .
For studying the reactivity of the cerebrovascular bed to CO2 after spinal cord transection, hypo-and hypercap nia were produced by increasing the stroke volume of the ventilator or mixing the inspired oxygen with 10% CO2, respectively. Readings were taken when stable values of pc02 and CBF were reached.
Data analysis
Given the high variability of baseline flows by LDF (Dirnagl et aI., 1989) , analyses were performed on flow changes, expressed in arbitrary units, that were calcu lated by subtracting the respective baseline value from the values obtained during brain stimulation or changes in pac02• Linear regression analysis was used to study the flow changes elicited by changes in pac02•
RESULTS

Cerebrovascular reactivity to paeo2 after spina! cord transection
To establish whether after spinal cord transection the reactivity of the cerebral vasculature to CO2 was maintained and to assure that the probe place ments were adequate, the well-known changes in CBF produced by hypo-and hypercapnia were de termined (Ishitsuka et ai., 1986) .
Arterial peo2 was varied from 20.0 to 65.0 mm Hg and cortical CBF recorded in arbitrary units. Twen ty-three steady-state measurements were obtained in eight rats. Graded hypercapnia produced the ex pected increase in CBF while hypocapnia de creased CBF. When the changes in CBF were plot ted as a function of paeo2, the linear relationship ACBF = 0.98 x paeo2 -35 was obtained (Fig. 1,  top panel) . The correlation coefficient was 0.93, in-dicating an excellent fit. Thus, after spinal cord transection, the reactivity of the cerebral vascula ture to paco2 was preserved. eight rats under the experimental conditions de scribed below. Stimulation of the FN with intermittent trains of stimuli (75-100 JJ.A, 50 Hz, 1 s onll s oft) produced large increases in CBF (Fig. 2) , which averaged 20.2 ± 1.6 PU (mean ± SO; n = 12). Due to the spinal cord transection, which prevents the sympatheti cally mediated hypertension elicited from the FN, the CBF increases were accompanied by only slight «10%) fluctuations in AP (Figs. 2 and 5) , probably reflecting release of vasopressin from the hypothal amus (Del Bo et aI., 1983) .
The increase in CBF elicited from the FN (50-100 JJ.A; 50-70 Hz) usually began after a small and tran sient decrease, reached 50% of maximum after 24 ± 1 s, and reached a plateau after 49 ± 2 s (n = 17). The elevations persisted steadily during stimulation and declined upon its termination. The rate of de cline, however, was slower than the rate of rise (Fig. 2) . Thus, CBF reached its baseline in a period of time ranging from 84 to 540 s after termination of the stimulation. There was a positive and significant correlation between the duration of the stimulation and the time of recovery of CBF (time to baseline = 1.14 x stimulation time + 15.8; r = 0.93; n = 15). This relationship is illustrated in Fig. 1 (bottom  panel) .
The relatively "slow" time course of the CBF changes elicited from the FN when the hyperten sion is prevented by spinal cord transection is not an artifact of LDF. FN stimulation in rats with in tact spinal cord, in which the AP was allowed to rise, produced changes in CBF than occurred within 2-3 s (Fig. 3) . Thus, LDF is able to detect rapid changes in CBF. These "fast" changes in CBF occurring when the AP increase is not con trolled are due to the additive effect of hypertension on the "neurogenic" vasodilation (Nakai et aI., 1982) . In addition, since FN stimulation abolishes cerebrovascular autoregulation (Reis et aI., 1982) , the vasodilation due to hypertension is enhanced.
Characterization of the flow response as determined byLOF
We then sought to establish whether the eleva tions in CBF evoked from the FN as determined by LDF were comparable to those previously de scribed with respect to dependence on stimulus pa rameters, anatomical localization of active sites, and sensitivity to cholinergic blockade or barbitu rates.
The increases in CBF were dependent upon the intensity and frequency of the stimulus (McKee et aI., 1976; Mraovitch et al., 1986) (Fig. 4 , top pan els). When the current intensity was varied, while AP [l. � � O .. r """""""""""_La"�""""""""""""""'" the stimulation frequency was kept constant at 50 Hz, the response appeared between 10 and 20 !-LA, its magnitude increased linearly with the increase in current intensity, and reached a plateau at 100 !-LA (Fig. 4, top left panel) . Similarly, when the stimu lation frequency was varied while the intensity was kept at 75-100 !-LA, the response appeared between 5 and 15 Hz, peaked at 70-100 Hz, and decreased at stimulation frequencies of 200 and 300 Hz (Fig. 4 , top right panel). The increases in CBF evoked from the FN were best elicited from the rostral ventromedial portion of the nucleus (Doba and Reis, 1972; McKee et al., 1976; Nakai et al., 1982; Mraovitch et al., 1986) (Fig. 4, bottom panel) . However, stimulation of the VPRF at a site located 4 mm ventral to the FN also produced large, stimulus-locked, increases in CBF (Fig. 4, bottom panel) .
The increase in CBF elicited by stimulation of the FN was abolished by administration of atropine (1 mg/kg, i. v.; n = 3) (Fig. 5 , top panel) (lade cola et aI., 1986). Interestingly, the effect of atropine was not immediate. Two to 10 min after administration, the response was still present although reduced to 50 and 27% of control, respectively. Fifteen min utes after administration, the flow increase evoked from the FN was abolished while that elicited from the VPRF was still present (Fig. 5, top panel) , in dicating that the effect of atropine was not due to a arterial pressure (AP) was allowed to rise during the stimu lation. FN stimUlation (50 /-LA, 50 Hz, 8 s) produced substan tial, stimulus-locked increases in AP, mean AP (MAP), and CBF. CBF started to rise 3.5 s after the beginning of the stimulation and reached a plateau <3 s later. After termina tion of the stimulation, CBF started to decline approximately 1 s after AP began to fall and it returned to baseline within <2 s. These "fast" changes in CBF are due to a combination of hypertension and neurogenic vasodilation (Nakai et aI., 1982) . In addition, since FN stimulation abolishes CBF auto regulation (Reis et aI., 1982) , the effects of hypertension on CBF are more pronounced. loss of reactivity of the preparation. The delayed effect of atropine may reflect its relatively poor CNS penetration (Witter et aI., 1973) suggesting that this drug does not exert its action by blocking muscarinic receptors located at the level of the ce rebral blood vessels (Estrada et al., 1983) . In three other rats, the effect of pentobarbital on the response was examined. This agent abolishes the elevations in AP and HR elicited from FN stim ulation (Miura and Reis, 1970) . Five minutes after 20 mg/kg of pentobarbital was given, the increase in CBF elicited from the FN was markedly reduced (Fig. 5, bottom panel) . Administration of additional pentobarbital (10 mg/kg, Lv., cumulative dose of 30 mg/kg) abolished the increase in CBF evoked from the FN without abolishing cortical electrical activ ity (Fig. 5, bottom panel) .
DISCUSSION
We have used LDF to study the increase in CBF produced in parietal cortex by FN stimulation. By monitoring CBF continuously with LDF, we have described the full temporal profile of the increases in CBF. Using each animal as its own control, we have shown that FN stimulation produces large and sustained increases in cortical CBF that unexpect edly exhibit a slow rate of rise and a prolonged rate of decline. Furthermore, the characteristics of the response as determined by LDF are comparable to those described by other techniques. Thus, the CBF increases (a) are dependent upon the fre quency and intensity of the stimulus (McKee et aI., 1976; Mraovitch et aI., 1986) , (b) can be mapped to the rostral ventromedial pole of the FN (Doba and Reis, 1972; McKee et aI., 1976; Nakai et aI., 1982; Mraovitch et aI., 1986) , (c) are independent of changes in AP (Nakai et aI., 1982; Mraovitch et aI., 1986) , ( elevations in AP and HR (Miura and Reis, 1970) are abolished by pentobarbital. Much of the previous work on the cerebrovascu lar actions of the FN has been performed using the lAP technique of Sakurada et al. (1978) . This tech nique, while providing quantitative and simulta neous regional flow measurements, allows the de termination of CBF only at one time point in each animal. Thus, the flow changes produced by FN stimulation were estimated by comparing two groups of animals in which CBF was measured ei ther with or without FN stimulation (Nakai et al., 1982 (Nakai et al., , 1983 ladecola et aI., 1983 , 1986 , 1987a . Ear lier studies in cat (Doba and Reis, 1972) and mon key (McKee et al. 1976 ) were able to monitor CBF continuously during FN stimulation. However, in these studies, the elevation in AP associated to FN stimulation was not controlled, leading to artifac-tual CBF changes (Kontos et aI., 1978; Nakai et aI., 1982) . Mraovitch et ai. (1986) , using a method based on helium clearance and mass spectrometry, and Reis et ai. (1982) , using the hydrogen clearance technique, were able to perform repetitive CBF measurements from implanted probes in the cere bral cortex during FN stimulation. However, since the methods used in these studies do not provide continuous measurements, the dynamics of the flow increase could not be established.
The use of LDF allowed us to overcome some of the problems associated with these methods and we were able to monitor cortical blood flow continu ously and noninvasively. Furthermore, by using spinal cord-transected rats in which AP was main tained by continuous infusion of phenylephrine, we eliminated the confounding effects of the elevations in AP that accompany FN stimulation.
We found that the increases in CBF elicited from the FN, although closely related to the stimulus, do not take place instantaneously. This is somewhat surprising because these changes in CBF are neu rogenically mediated (Reis and Iadecola, 1989) , and as such might be expected to be rapid (�1 s) (Moskalenko, 1975; Leniger-Follert and Liibbers, 1976) . While the relatively long time constant of the probe (3 s) may have influenced the temporal char acteristics of the measurement, the rate of rise and fall of CBF is slower than expected on the basis of a time-constant effect. It is also unlikely that the slow rate of rise and fall of CBF is due to an "inertia" of the cerebral vasculature to initiate changes in flow or to an artifact of LDF. In fact, FN stimulation in rats with intact spinal cord, in which the effects of hypertension on CBF were not pre vented, produced rapid changes in CBF that took place within seconds. Furthermore, neurogenic stimuli have been shown to produce comparable in creases in CBF as measured by LDF that rise and decline rapidly (Arneric, 1989; Biesold et aI., 1989; Kraig and Iadecola, unpublished observations) .
In the cerebral cortex, the increases in CBF are mediated by local neurons (Iadecola et aI., 1987a) . These neurons may represent a small fraction of the total cortical neurons since their activation by FN stimulation does not increase cortical glucose utili zation (Nakai et aI., 1983) . The mechanism(s) whereby this presumably restricted population of neurons influence CBF is unknown. We have pro posed (Reis and Iadecola, 1989 ) that they may in fluence cortical flow either via direct neurovascular contacts (e.g., Estrada et aI., 1983; Hendry et aI., 1983) and/or by releasing vasoactive factors into the interstitium (see Wahl, 1985 for review). The obser vation that the increases in flow take place relatively slowly and that they persist beyond the stim ulation may indicate that these neurons mediate the vasodilation by releasing vasoactive agents into the extracellular space. These substances would then reach resistance vessels by passive diffusion and continue to exert their vasodilatory action after ter mination of the stimulus while they are cleared by the circulation and/or by reuptake. However, it is also possible that the increases in CBF are triggered by direct neurovascular contacts and then propa gated and/or amplified by a yet undetermined mech anism with a slower time course. Alternative pos sibilities include transient loss of reactivity of the vessels with persistent vasodilation or, assuming that the increase in flow during FN stimulation is due to capillary recruitment, asynchronous loss of recruited capillaries resulting in a gradual decrease in flow.
Administration of pentobarbital abolishes the cortical vasodilation elicited from the FN. This ob servation confirms that the vascular responses evoked from the FN are highly susceptible to gen eral anesthetics (Miura and Reis, 1970; Iadecola et aI., 1990) . The marked sensitivity of the CBF re sponse to chloralose (Iadecola et aI., 1990) may ex plain the failure of a recent study to reproduce the cerebrovascular vasodilation elicited from the FN (Williams et aI., 1989) . In this study, amounts of chloralose larger than previously used were admin istered. The mechanisms whereby pentobarbital as well as other general anesthetics exert these actions may be related to inhibitory effects that these agents have on neuronal and synaptic activity (Barker, 1975) . For several reasons, it is unlikely that the vascular responses evoked from the FN are due to pain and/or discomfort induced by electrical stimulation. First, FN stimulation does not produce EEG changes consistent with an arousal reaction that may be expected during pain, but, on the con trary, it produces EEG slowing and synchroniza tion (Iadecola et aI., 1986) . Second, comparable stimulation of sites adjacent to the FN fails to ele vate AP, HR, or CBF, indicating that the response is not a nonspecific effect of pain elicited by elec trical stimuli (Nakai et aI., 1982; Mraovitch et al., 1986; present study) . Third, the elevations in AP and HR are not affected by midbrain transection, a procedure that interrupts the ascending sensory pathways to the thalamus and cortex carrying pain signals (Miura and Reis, 1969) .
Finally, we have confirmed that LDF is a useful tool for studying the influence of neurogenic factors on the cerebral circulation. Thus, the physiological characteristics of the cerebrovasodilation elicited from the FN, as determined by LDF, are similar to those established by other techniques. In addition, LDF has the advantage of providing continuous monitoring of CBF, a feature well suited to studying short-lived and repetitive changes in CBF such as those produced by brain stimulation (Arneric, 1989; Biesold et aI., 1989; Kraig and Iadecola, 1989 ) . An other desirable feature of LDF with respect to stud ies of neurogenic factors is that the blood-brain bar rier (BBB) is intact at the measurement site. Thus, circulating substances released by brain stimula tion, such as adrenal catecholamines, cannot cross the BBB and produce changes in blood flow through their action on metabolism (MacKenzie et aI., 1976; Iadecola et aI., 1987b) . However, LDF does have several disadvantages. These include mainly (a) lack of quantitation, (b) numerous sources of artifact, (c) applicability as a noninvasive technique only to surface regions, and (d) lack of simultaneous multiple regional readings, unless multiple probes are used. The fact that probe place ments on or near large vessels may lead to artifac tual results is particularly disconcerting. Thus, probe placements need to be carefully chosen and tested with stimuli that produce well-established changes in CBF. In the present study, we have used changes in paco2• Furthermore, its full verification is compromised by the lack of a quantitative "continuous" method with which to compare LDF during phasic changes in CBF. However, given its unique advantages, LDF remains a useful tool that, under carefully controlled experimental conditions, can provide accurate, albeit relative, monitoring of CBF.
